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Total manganese intake was under 200 nmole-kg-'-24 h-' in infants on milk feeding, but infants receiving solid foods received up to 1500 nmoleokg-'024 h-'. There was a significant correlation between net intake and net balance (P < 0.01) and between intake and faecal loss (P < 0.001). Urinary manganese loss is not significant.
Manganese is an essential trace element for both animals and man (15) as a constituent of a number of vital biochemical pathways. Despite numerous observations of deficiency in animals, manganese deficiency in man has been reported only once in association with vitamin K deficiency (6) . The symptoms included impaired growth of hair and nails, weight loss, and a reduced response of blood clotting proteins to vitamin K.
The manganese content of milk is about 0.02 ppm (9, 16) (350 nmole/liter) and the daily intake of manganese by infants is about 180 nmole. When cereal products are added to milk the manganese intake may be much higher (15) .
Casey and Robinson (4) found that the manganese content of human foetal tissue might be up to 9 ppm (160 pmole/kg) dry weight in the liver, but was much lower in other tissues. This is contrary to the earlier findings of Widdowson et al. (18) and Seeling et al. (12) that whereas copper and zinc are accumulated in foetal liver, manganese is not. The nutritional requirement for manganese in the neonate and infant is uncertain, but it has been suggested that manganese is lost in the bile regardless of the intake (3). Alexander et al. (1) have recommended an intake of about 1.0 pmole/kg/day in children although, as indicated above, the intake required by neonates may be rather less. In rats the ability to maintain homeostasis develops only 17-18 days after birth (lo), and manganese injected intraperitoneally is retained mainly in the liver. We have performed manganese balance studies on a group of infants recovering from surgery to correct congenital defects of the heart to assess the potential manganese requirement in the very young.
MATERIALS AND METHODS
All sixteen patients who were studied had been admitted to the Hospital for Sick Children for surgical correction of congenital defects of the heart or great vessels (Table 1) . They were all boys aged from 2-248 days. Patients were studied with the informed consent of their parents or next of kin.
Balance collections were begun within 6 h after operation by the method described by Stevens et al. (14) , and continued for up to 11 days. The manganese content of the containers used to store the samples before analysis was negligible (less than 0.2 pg). All samples were deep frozen until analysis.
Urine samples were analyzed directly by atomic absorption spectroscopy using an electrothermal graphite tube atomiser. Manganese content of other samples was determined by extracting ashed samples with 8-hydroxyquinoline in 4-methylpentan-2-one followed by flame absorption spectroscopy (5) .
RESULTS
The recovery of manganese added to a normal urine sample as determined by electrothermal atomisation, and added to a pooled plasma sample as determined by solvent extraction and flame atomisation is shown in Table 2 . The within batch precision of the assays, as the mean within batch precision over several analytical runs is shown in Table 3 . Between batch precision data for the electrothermal atomisation technique are also shown in Table  3 .
The manganese contents of the milks and other fluids administered to the patients are shown in Table 4 . The drugs used were also analysed and found to contribute a negligible proportion of the daily intakes (less than 0.5%). The manganese content of the milks was low whereas the manganese content of both the whole blood and purified plasma protein (used in transfusions) was high. Fresh frozen plasma had a relatively low manganese content, similar to that of the milks. The high manganese content of the blood is due to the manganese content of the erythrocytes, whereas that of the purified plasma protein may have been acquired during processing. The balances on the sixteen patients are summarised in Table  5 . The high intakes of patients 9, 11, and 13 were due to being fed solid foods with a high manganese content during the latter stages
The relation of daily intake of manganese to daily balance
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Relation of daily balance to age of patient Age i n days Fig. 2 of the balance period (up to 18 pnole/day). Patient 12 received blood and plasma infusions throughout the balance period. The blood and plasma infusions during the first few days of the balance gave a much higher manganese intake in the earlier period of the study when compared with the intake of children being fed orally. The final milk intake reached 300-600 ml per day, giving a manganese intake of 30-300 nmole per day.
There was a significant correlation between net intake and net balance (P < 0.01) and between the actual daily intake and daily balance (P < 0.001) (Fig. 1) . There was no correlation between intake and urinary loss of manganese but there was a high correlation between intake and faecal loss (P < 0.001). There was also a correlation between the age of the patient and the intake of manganese, presumably due to the high manganese content of the food eaten by the older children. This gives an age-related correlation for the manganese balance (Fig. 2) .
DISCUSSION
The urinary manganese loss was small compared to that in the faeces (t 10%). A significant correlation was found to exist between urinary chromium excretion and chromium intake (Sampson, Barlow and Wilkinson, unpublished work) in the same group of patients as studied here. The absence of such a correlation for manganese may be an indirect confirmation of the low importance of the kidneys as an excretory route for this trace element. The negative balances observed in these patients may be indictive of a degree of manganese deficiency and support the observations of Hughes and Cotzias (7) of possible manganese deficiency in neonatal mice. Widdowson records negative manganese balances in neonates of approximately 160 nmole/kg/day (19) .
Most manganese is excreted in the bile (8, 1 l), but biliary obstruction does not cause increased urinary loss of manganese. There is, however, increased faecal loss through intestinal secretion (2) . There is an apparently important enterohepatic circulation and a mixed degree of hepatic damage (raised bilirubin and/or elevated transaminases) was observed in some patients and may account for some manganese retention. This could not be quantified. Raised plasma manganese levels are seen following myocardial infarction (13) and during acute hepatitis or cirrhosis (17) .
The large negative manganese balances observed in some of the older patients (Nos. 6, 8, and 16) may be indicative of a need for supplementation with manganese. The infant may be incapable of resorbing manganese excreted in the bile and it is unlikely that positive balance can be achieved without supplementation until reaching an age-of 4-5 months.
